Purpose: This study aims to establish the ability of patient-reported outcome measures (PROMs) and anorectal manometry (ARM) in predicting the need for surgery in patients with fecal incontinence (FI). Methods: Between 2008 and 2015, PROMs data, including the Birmingham Bowel and Urinary Symptoms Questionnaire (BBUSQ), Short Form 36 (SF-36), Wexner Incontinence Score and ARM results, were prospectively collected from 276 patients presenting with FI. Spearman rank was used to assess correlations between specific PROMs questions and ARM assessments of sphincter motor function. Binomial regression analyses were performed to identify factors predictive of the need for surgery. Finally, receiver operating characteristic (ROC) curve analyses were performed to establish the utility of individual ARM and PROMs variables in predicting the need for surgical intervention in patients with FI. Results: Two hundred twenty-eight patients (82.60%) were treated conservatively while 48 (17.39%) underwent surgery. On univariate analyses, all 4 domains of the BBUSQ, all 8 domains of the SF-36, and the Wexner Incontinence Score were significant predictors of surgery. Additionally, maximum resting pressure, 5-second squeeze endurance, threshold volume, and urge volume were significant. On ROC curve analyses, the only significant ARM measurement was the 5-second squeeze endurance. PROMs, such as the incontinence domain of the BBUSQ and five of the SF-36 domains, were identified as fair discriminators of the need for surgery. Conclusion: PROMs are reliable predictors of maximal treatment in patients with FI and can be readily used in primary care to aid surgical referrals and can be applied in hospital settings as an aid to guide surgical treatment decisions.
INTRODUCTION
Fecal incontinence (FI) is defined as the involuntary loss of liquid and/or solid stool through the anus [1] . Its prevalence is likely un-derestimated due to underreporting by its sufferers, but is quoted to be in the region of 7.7% (range, 2.0%-20.7%) [2] . The presence of FI has a major negative impact on physical and psychological health and on lifestyle; in many cases, it can lead to severe social restrictions. Treatment ranges from conservative treatments such as lifestyle adaptations, stool-bulking agents, biofeedback, sphincter exercises, and transanal irrigation to more invasive procedures such as sacral nerve stimulation (SNS) and sphincter repair [3] .
Anorectal manometry (ARM) has long been used as part of the diagnostic work-up in the assessment of patients with FI. Several parameters, including the resting pressures (RPs) of the anal canal, maximal squeeze pressure increment (MSPI), squeeze endurance (SE), and measurements of rectal sensitivity, are routinely assessed in patients with FI who are referred to pelvic-floor special-ists. Nevertheless, the diagnostic accuracy of ARM for patients with FI remains unclear. The sensitivity and the specificity in diagnosing FI varies significantly between studies, and whether any correlation exists between ARM measurements and the severity of symptoms is unclear. Overall, how ARM influences clinical decision making as to the most appropriate treatment for patients is still unclear.
For the above reasons, this study aimed to assess the ability of ARM, compared to patient-reported outcomes, in predicting the need for surgical intervention in patients suffering with FI. Additionally, this study also aimed to ascertain the degree of correlation between patient-reported outcome measures (PROMs) and ARM measurements specific to external and internal anal sphincter function.
METHODS
Data were prospectively collected between 2008 and 2015 from adult patients undergoing assessment of and treatment for FI at a single center specializing in the management of pelvic-floor disorders. Ethical approval was granted by the Bristol NRES Committee (14/SW/0051) for the maintenance of a research database with prospective patient consent for data inclusion. Prior to this data was collated as part of ongoing clinical care and to assess response to treatment and stored anonymously for audit purposes. At the first consultation, patients underwent clinical assessments, including the use of several validated PROMs questionnaires, in addition to physical examinations and ARM measurements. Additionally, patients underwent endoanal sphincter ultrasound assessments to determine whether any anal sphincter defects were present. All patients diagnosed with FI were initially referred for pelvicfloor physiotherapy (biofeedback) and/or started on stool-bulking agents (e.g., loperamide). Patients were followed up at 6-to 12-month intervals. Patients were discharged if FI symptoms were sufficiently managed. Patient who had significant and persistent symptoms were considered for either SNS or surgical sphincter repair as per National Institute of Clinical Excellence guidelines for the management of FI in adults [3] .
Patients were included in this study if they had recorded data within the database from an initial consultation within the pelvicfloor clinic and prior to any interventions taking place. The exception to this was patients who had sustained an obstetric anal sphincter injury (OASI); invariably, such patients had received some general pelvic-floor physiotherapy prior to consultation with a pelvic-floor colorectal surgeon. Patients had to have undergone an ARM assessment of sphincter function, with completion of at least one PROM questionnaire (WIS, BBUSQ, and SF-36).
The primary outcome measure was whether patients required only conservative treatment or additional surgery (in the form of either SNS or sphincter repair). The secondary outcome measure was the degree of correlation between commonly used ARM pa-rameters, which are considered as markers of internal or external sphincter motor function, and specific patient symptoms relating to abnormalities of internal and external sphincter function. The latter was assessed in order to determine whether specific question stems detailed within the BBUSQ had the potential to act as surrogate markers in the community for the likelihood of achieving poor ARM results.
Patient-reported outcome measures
PROM measures were collected for research purposes only and were not readily available to the clinical team; therefore, individual questionnaire responses were not used in clinical decisionmaking. Rather, decisions regarding appropriate steps of care were based upon both a clinical review of symptoms, both subjectively and objectively, and a review of ARM, Endoanal ultrasound and other imaging results. Patients were asked to complete 2 clinically validated symptoms questionnaires, the Birmingham Bowel and Urinary Symptoms Questionnaire (BBUSQ) [4] and Wexner Incontinence Score (WIS) [5] , prior to the initial clinical assessment. The BBUSQ score evaluated the severity of pelvic-floor symptoms through the assessments of four major symptom domains (constipation, FI, fecal evacuatory disorder, and urinary symptoms). Scores for each of the four domains were quantified as scores out of 100, with a higher score indicating worse symptom severity. The WIS, marked out of 20, quantified the severity of FI, with a higher score indicating worse symptoms.
The Short Form 36 (SF-36) quality of life (QoL) score was also collected [6] . This has 8 scoring domains, including vitality, physical functioning, bodily pain, general health perceptions, physical role functioning, emotional role functioning, social role functioning, and mental health. Each domain is scored out of 100, with a higher score indicating a better QoL. Functional and QoL data collected as detailed above were anonymized and entered into the prospectively maintained pelvic-floor research database.
Anorectal manometry
After the patients had given informed consent, they were positioned in the left lateral position. ARM was carried out using the T-DOC Air-Charged ARM Catheters (LABORIE International, Mississauga, ON, Canada), which have four pressure sensors measuring 4 quadrants of the anal sphincter, plus a distal balloon that can be filled to obtain sensory responses from the patients. The pressure sensors were connected to the Delphis IP processor (LABORIE International), which served to pump air to prime the catheters and to digitize and record pressure readings from the pressure sensors. Digital rectal examination was performed prior to introduction of the ARM catheter into the anal canal.
The maximal RP was recorded at the level of the high-pressure zone. The patients were then asked to squeeze their anal sphincter as hard as they could in order to determine the MSPI and then to squeeze and hold for 5 seconds to determine the SE. A mean of three readings was taken for each of the motor function parame-ters. Rectal sensation was measured by inflating a balloon on the catheter's tip with air while it was being placed within the rectum. The threshold volume (TV), the volume to defecatory urge, and the maximal tolerated volumes were measured. The rectal anal inhibitory reflex was assessed by inflating the intrarectal balloon with 50 mL of air. Although newer ARM modalities became available during the study period, all patients in this study underwent manometry using the calibrated air-filled system to ensure consistency throughout the study group.
Statistical methods
Demographic data from patients who required surgical treatment were compared with the corresponding data from those who did not by using the chi-square test for categorical data, the unpaired t-test for parametric variables and the Whitney-Man U-test for nonparametric variables. Binary logistical regression analyses were performed for ARM, BBUSQ, and SF-36 scores to determine significant variables for determining the maximal treatment required. A P-value of < 0.05 was considered to be statistically significant.
The predictive abilities of ARM measurements, BBSUQ domains, WIS, and SF-36 domains were assessed by constructing receiver operating characteristic (ROC) curves, with the outcome measure being whether a patient required surgical treatment for FI (SNS and other surgery). The optimum cutoff for each variable, and its respective sensitivity and specificity were determined by calculating the Youden Index for each ROC curve [7] . ROC curves for which the area under the curves (AUCs) were greater than 0.7 were deemed to be fair discriminators of the need for maximal treatment in patients with FI.
RESULTS
Between 2008-2015, 432 patients were assessed with FI. Of those, 156 patients were excluded due to incomplete data. Therefore, a total of 276 patients were included in this analysis. The patient population was predominantly female (248 females vs. 28 males). The mean overall age of the group was 43.59 years. Sphincter weakness was the major etiology (79.3% of all patients), predominantly secondary to prior obstetric trauma. Two hundred twentyeight patients (82.6%) received only conservative treatment while 48 (17.4%) underwent surgical intervention, either in the form of SNS or sphincter reconstructive surgery (Table 1) . Sixty patients (21.7%) received no further treatment after initial consultation with the colorectal pelvic-floor team; the vast majority of those were patients who were assessed following OASI and had received some form of generalized pelvic-floor physiotherapy during their 
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recovery period. Increasing age and male gender were found to be significant risk factors for undergoing surgical intervention. In terms of etiologies, significant differences were found in the proportions of patients with OASI and those who had undergone rectal resection between the conservative-treatment and the surgical groups ( Table 2 ). The RP was significantly lower in the surgery group (P = 0.001); however, no statistically significant differences in the other anorectal physiology parameters were found between the groups ( Table 3 ). Age, all domains of the BBSUQ and the SF-36, and the WIS had significant differences in the mean scores between the conservative-treatment and the surgical groups.
Logistic regression analysis
Binomial logistic regression analyses were performed using continuous data for each of the variables (Table 4 ).
Of the ARP results, maximum RP (P = 0.001), 5-second squeeze increment (P = 0.017), TV to distension (P = 0.043), and urge volume to distension (P = 0.033) were found to be statistically significant. Of the remaining parameters, age, sex, the WIS, and all domains of the BBSUQ and SF36 were found to have regression significance.
Receiver-operator curve analysis
ROC curve analyses were performed on the variables to determine their abilities to predict maximal treatment. Variables with an AUC of greater than 0.7 were interpreted as being fair predictors of the need for surgical intervention ( Table 5 ). On ROC curve analyses, the only ARM parameter that had an AUC greater than 0.7 was the 5-second squeeze increment. Patient age, the incontinence domain of the BBUSQ, and 5 domains of the SF-36 (physical function, physical role, mental health, social function, and general health) were shown to have AUCs of greater than 0.7. The evacuatory domain of the BBUSQ and the WIS had AUCs that were just slightly less than 0.7. The Youden index was then used to calculate the optimum cutoff points for each of the variables to obtain the highest sensitivities and specificities [7] . A 5-second squeeze increment of less than 16.5 mmHg had a sensitivity of 81.8% and a specificity of 70.3% in detecting the need for surgical intervention while a SF-36 social function domain score of less than 68.75/100 had a sensitivity of 80% and a specificity of 69.7%. A BBUSQ incontinence domain score of 39.58 or above had a sensitivity of 65.1% and specificity of 70.1% in the detection of the need for surgical treatment. AUC plots for age, 5-second squeeze increment, BBUSQ Incontinence domain, and SF-36 social function domain are shown in Fig. 1 .
DISCUSSION
This is, to our knowledge, the first study to attempt to use ARM results to predict the need for surgical intervention in patients with FI. Within our series, on the univariate binomial regression analyses, a number of factors were statistically significant in the prediction of the need for surgery in FI patients. With regards to sphincter motor function, the resting pressure and the 5-second squeeze increment were significant. On sensory-function testing, threshold and urge volumes were also significant. All parameters of different PROMs were significant. When ROC analyses were performed, the majority of ARM measurements taken had a low sensitivity and specificity in the prediction of the need for sphincter repair or SNS in patients with FI. The only factor that appeared to be indicative of the need for intervention was a poor endurance squeeze pressure (SP) increment. Few studies in the literature report on attempts to use ARM in the prediction of maximal treatment for patients with FI. Hill al. [8] studied a group of 35 patients referred for investigation of FI. They found no correlation of either ARM or endoanal ultrasound with clinical outcome. A small number of studies aimed to predict the presence or severity of anal incontinence. Pehl et al. [9] undertook a study of 144 healthy volunteers and 559 incontinent patients with varying severities of incontinence (gas, liquid stool, solid stool) and compared motor and sensory functions to severity of incontinence. They found significant differences in the mean RP, mean SP and volume to urge in FI patients, and they showed that overall, ARM had a sensitivity of 91.4%, a specificity of 63.2% and a diagnostic accuracy of 85.8% in prediction of the presence of FI. Felt-Bersma et al. [10] demonstrated that the mean SP was the most discriminatory of all measurements used in the prediction of FI; however, for all measurements, an almost complete overlap with the measurements for patients without incontinence and healthy volunteers was found. Lam et al. [11] under-took a comprehensive study of 600 patients, with the aim of identifying predictive factors for FI. They found that a reduced mean RP and a reduced mean SP were significantly associated with the presence of FI in both males and females. Additionally, in females, a shorter sphincter length and a lower rectal capacity were associated with FI. In a similar vein, Roos et al. [12] in their study of 159 patients with OASI found no significant difference in functional incontinence scores in women with and without evidenced sphincter defects. They also found no correlation between endoanal ultrasound results and functional incontinence scores. They used ROC analyses to determine cutoff manometric values for the detection of anal sphincter defects and reported that a mean RP of 95 mmHg and a mean squeeze increment of 53 mmHg would allow 90% of all sphincter defects to be detected. Reddymasu et al. [13] in their cohort study of 27 patients found that ARM in combination with the use of endoanal ultrasound was The main limitation of this study is that the predominant etiology of FI in this patient population is OASI; however, the proportions seen within this research are representative of the general case mix presenting to a tertiary pelvic-floor service. Additionally, patient involvement and completion of PROMS were entirely voluntary; therefore, a degree of reporting bias may exist as those who completed the PROMs may have been more motivated to do so due to their symptoms being worse and may have had a greater desire to relay this to the clinical team. Additionally, meaningful multivariate logistic regression analyses could not be performed on the data due to the low ratio of positive events to the number of significant factors on the univariate analyses. Another potential limitation was the use of an air-perfused catheter ARM system, which had been in use since the development of the local Pelvic Floor Service. Other more widely accepted ARM systems exist, however the air-perfused system has been demonstrated to have comparable performance to water-perfused and solid state systems [14] . Therefore its use throughout this research was continued to allow for consistency in methodology within this patient cohort.
In conclusion, PROMs, which are inexpensive and easily performed, are reliable predictors of maximal treatment in patients with FI and can be readily used both in primary care to aid surgical referrals and in hospital settings, in conjunction with only the sustained SP in ARM, to guide surgical management. Additionally, within our series, BBUSQ assessments of IAS and EAS functions through reporting of symptoms of fecal urgency, inability to defer defecation, and passive FI were found to correlate with ARM evidence of sphincter disruption. Therefore, the absence of these key symptoms may be a useful indicator in determining those who do not need full manometric sphincter assessments. Simple questionnaires assessing the degree of dysfunction and impact on QoL, such as the ones described above, may be useful for general practitioners in the community and specialists in referral centers to allow triage of patients with less severe symptoms who would benefit from conservative treatment in the form of physiotherapy, ultimately reducing the burden on tertiary-level care.
